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ABSTRACT
In this paper we describe some applications of Semantic
Web technologies for the engineering design community. Specif-
ically, we use Semantic Wikis to form a central knowledge base,
which other applications then refer to. The developed applica-
tions include an advisor for performing Computational Fluid Dy-
namics simulations, a Semantic search engine, and an assistant
for airfoil design. In the conclusions we discuss lessons learned
and subsequently requirements for future systems.
1 Introduction
In any rapidly changing ﬁeld, the domain knowledge must
be able to keep pace with latest advances. In this paper we will
discuss how a Semantic Wiki can be used for domain knowledge
storage and annotation. The use of a Semantic Wiki as a cen-
tral knowledge base provides an easy-to-use annotation interface
and a convenient way of managing structured Semantic elements
with plain text. Using a Semantic Wiki as a knowledge base is a
potential approach to ofﬂoading the ontology creation and main-
tenance burden: knowledge experts only need to design an initial
ontology, which is a template for domain users to browse, up-
date and manage. The self-maintained ontology will reﬂect the
community of current interests and priorities in practice.
To demonstrate this approach we developed a ﬂexible archi-
tecture that allows the integration of a number of data sources.
We have developed three Semantic Web applications for use by
engineering designers, speciﬁcally involved in the application
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of Computational Fluid Dynamics (CFD). The developed appli-
cations allow designers to search and interact with knowledge
resources held in databases, spreadsheets, and other formats to
quickly resolve design issues.
Computational Fluid Dynamics is a branch of ﬂuid dynam-
ics that uses numerical methods and algorithms to solve a range
of problems that involve ﬂuid ﬂow. Typically, the ﬂow of a ﬂuid
around an artefact (e.g. turbine blade or racing car) is modelled,
with the aim of discovering whether or not the artefact will per-
form its required aerodynamic task. Computational Fluid Dy-
namics modelling is typically a very computationally intensive
and hence costly task. In order to save both time and cost it is
very useful to be able to search for previous results for similar
applications, and make use of existing expertise. In our approach
we have used a Semantic Wiki to try to capture this expertise, and
then used the RDF extracted from the Semantic Wiki in conjunc-
tion with a wide range of other data sources to answer speciﬁc
queries.
During the development of the applications, we have re-
ceived feedback from potential end users. In this paper we have
summarised this feedback, and drawn a number of conclusions
that will be relevant in the development of future Semantic Web
applications, particularly those related to the engineering do-
main.
2 Related work
One of the central themes of our work is the use of a Se-
mantic Wiki as a knowledgebase in order to connect other appli-
1 Copyright c ￿ 2010 by ASMEFIGURE 4. The CFD Advisor interface, where the users can browse the original CFD Online Wiki overview page (left). The users can then specify
how well a particular case matches the rule conditions (top right), and see conclusions from the rules (middle right). Each rule has an individual Wiki
page that can be viewed (bottom right).
alent to selecting classes from the ontology). When each rule
condition is clicked, the section of the text in the left-hand pane
that the rule was extracted from is highlighted, and the underly-
ing rule page from the Semantic Wiki is displayed at the bottom
right. The user can choose to ﬁre the rules at any stage, and the
matching conclusions are displayed on the middle right of the
screen.
4.3 Airfoil Design Assistant
The ﬁnal application discussed in this paper developed was
a system to help designers of aerofoils. An airfoil is the cross-
sectional shape of a wing, sail, turbine blade, etc. A common
approach to airfoil design is to search for existing designs that
satisfy, or nearly satisfy, the requirements, and then modify the
airfoil shape until it fully satisﬁes the requirements. The pro-
totype system shown in Figure 5 allows the designer to input a
range of constraints ( for example thickness or lift–drag ratio),
and then to search through a large collection of existing aerofoils
to ﬁnd matching shapes. The airfoil data is in the form of over
1500 text ﬁles containing coordinate data [21]. Summary shape
data for each airfoil was computed from the airfoil coordinates
in a one-off pre-processing stage. This data includes the cross-
sectional area, the maximum thickness, and whether the airfoil is
symmetric or not. The data was output as RDF to be consulted
by the Aerofoil Designer during searches. Aerodynamic con-
6 Copyright c ￿ 2010 by ASMEFIGURE 5. The airfoil designer prototype, in which users add requirements in the left hand pane, and edit them using requirement-speciﬁc dialog
boxes (not shown). The ﬁltered list of airfoils is in the right hand pane. Individual airfoils can be viewed (pop-up window), and searches can be made
for conversations mentioning the airfoils.
straints (such as minimum lift-drag requirements) were checked
by making calls to the airfoil analysis program XFOIL1.
The designer can also search through the database used in
the Semantic Search demonstrator (Section 4.1) for conversa-
tions that mention a selected airfoil, thereby easily locating pre-
vious experience and design decisions.
5 Discussion
The applications described in this paper were developed us-
ing a rapid prototyping approach, quickly creating small demon-
strator applications that were then used to get feedback from po-
tential end users. Some of the most common responses and crit-
icisms are discussed in this section.
5.1 Data Reliability
A common criticism of the idea of using a Semantic Wiki
is that of reliability and trust in data. Engineers rely heavily
on data being accurate and trustworthy, and they believe that
an open Semantic Wiki approach may result in a “free-for-all”
where anyone can modify data. This criticism may be based on
a misunderstanding of the difference between the intended use
of the Semantic Wiki as a knowledge base that deﬁnes a higher
1http://web.mit.edu/drela/Public/web/xfoil/
level ontology, and the experimental data that is kept in databases
or (commonly) text ﬁles. This experimental data can be secured
against unauthorised access. Also, the advantage of Wikis’ log-
ging and reverting mechanisms allows any malicious (or simply
mistaken) changes to the main knowledge base to be undone. As
part of this research we have examined the edit records of the
CFD Online Wiki, which seems to indicate that while vandalism
occasionally happens, it is quickly spotted and reverted.
5.2 Complexity and Context
A common response to the CFD Advisor approach of col-
lecting heuristics is that CFD is far too complex a domain, and
that the context of heuristics is very important (a heuristic that
works in one situation will not apply in another situation that ap-
pears similar). For example, the rule used in Figure 3 applies in
the domain of turbomachinery (parts of a jet engine), whereas a
slightly different (or possibly very different) heuristic might be
needed in other situations, for example a sail. While the scale of
the problem is very large, the size of Wikis such as Wikipedia
(over three million articles) indicates that the technology should
be able to cope. The structure of the Wiki is probably very im-
portant in order to provide context, and to allow for accuracy in
search. Finding relevant results, and being sure that nothing rel-
evant has been missed, will be an issue for future work.
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